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Aftershock probabilities

* Probability determined from
Omori’s Law and Gutenberg-
Richter relation
— Reasenberg and Jones, 1989

» Rupture forecast, not shaking

 First issued as public
statements in 1989

< USGS
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Problems with present system

* Predicting events without
spatial information

« Time decay not communicated

— Message on Internet
often days out of
date
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Short Term Earthquake Probabilities
(STEP)

24 hour forecast

probability of
exceeding MMI VI

automatic

calculations
online

real-time

updated every
half-hour

< USGS




* Default (when no
seismic activity)

* Helps communicate
real risk

— One email said
“Stop scaring my
mother”
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The Aftershock Models

Generic California \odel

Generic parameters calculated
using California aftershock
sequences (1932-1987)

Only requires mainshock
magnitude as input

Number of events

Present

model
complexity

8.5 M<7.5(3)
5.5M<B.5{11)
observed) 4 5<M<5 5{96)

Days following mainshock

~ olic
‘/‘USGS p y California aftershock rates
(1988-2003) vs. Generic model
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The Aftershock Models —

complexity
\odel

uence Spectlie

So( medium

needs minimum of 100 aftershocks
before estimating parameters

One set of model parameters
(Gutenberg-Richter and modified
Omori laws) calculated for the entire
aftershock sequence

The aftershock zone
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The Aftershock Models —_

complexity
Gally Varying Nodel highest
Spatiall? Al b 2

Gutenberg-
Richter and
modified
Omori law
parameters
are mapped at
5km spacing
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Time dependent California hazard map

.

BRSP4
“\\‘\- N

e

background time
dependent forecast
aUSGS
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Testing our forecasts

Test ONE: When forecasts are made retrospectively,
are they consistent with the observed earthquakes?

When: 1992-1996

Where: southern California

How: Likelihood test. How likely were the
observed events and non-events based on our
forecast?
What: Earthquake size(M4,M4.1,M4.2,...M8.0); location
(5km squares); When (24 time periods).

< USGS
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Our forecasts are consistent with
actual earthquakes
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Comparison testing

Test TWO: When our model is compared to more
simple models, does our more complex model give a
better forecast?

When: 1992-1996
Where: southern California

How: Likelihood ratio test. How likely were the
observed events and non-events in our forecast
as compared to more simple models?

What: Earthquake size(M4,M4.1,M4.2,...M8.0);
location (5km squares); When (24 time periods).
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The less complex forecasts:
1. background forecast (no time dependent info)
2. #1 + generic California forecast
3. #2 + sequence specific forecast

The RESULT???

In all cases the forecast from our most complex model fits
the data better than those of the less complex models
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Public reaction

 You can’t please
everyone
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24-Hour Aftershock Forecast Ma
Today's Map " R

¥What is This Map? Forec 12/05/2005 08:02 AM PST
How 0o We Make Thia through 12/6/2005 08.02 AM PST
Mag?

What Are Aftarshocks,
Foreshocks and

Eannquake Clusten?
How Can | Use This?

Mag Aschive

These maps are made
with contributions
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24 Hour Forecast of After:

Aople (1661 v  Amason  etay

Hazaras 8 Prapared

The 24 hour probadllity of strong earthquake shaking Is updated every ho starts with a bac
What & g 3 T
s This Map? probability based on 0 2al and earthquake Information. (see the U ng $

How Do We Make This
Map?

Usually this information is shown for 50 years;
What Are Aftershocks, " we convert it 1o show 24 hours, The system
Foreshocks and ?  then considers all the earthquakes, large and
Earthquake Clusters? S, SoaMeated  gmall, that are recorded by the California
A [ smic Ne For each
will be followed by
Map Archive ¢ : 3 ough 1o cause strong
. calcyulated from the known
aftershocks. The shaking that
an earthquake is
om the known rof
between earthquake size and shaking
patterns. The likelihood of that shaking is then
nd probability on the
map. For complete details, see the USGS
Open Flle Re; , f : s of

Tomoaw's

How Can | Use This?

These maps are made

Now
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Three M~5
events since
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Obsidian Butte California Sequence

August and September 2005 Seismicity: SCSN/CISN DD Relocations (Red)
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STEP for the
M5 events

5/12/2005 01:21 AM PDT
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Forecast for O
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Most common emails

— Add my town name

— Extend it to another region of the country
— Make it easier to find

— Requests for supporting curriculum

— What is intensity?
— Everyone knows we have aftershocks so
what’s the big deal?
» We changed the name to “aftershock probability”

— Stop scaring my mother
aUSGS
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Visits to STEP web pages

6/16 M4.9 Yucaipa
6/12 M5.2 Anza 9/1 M5.1 Brawley

5/19 Release of STRP /STEP/
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through 12/7/2005 10.02 PM PST
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